The development of liver cancer would undergo a sequential progression from chronic inflammatory liver disease, cirrhosis to neoplasia. During these pathophysiological changes, abnormal liver microenvironment might induce the hepatocytes to die, abnormally proliferate and initiate cancer stem cells. Metallocarboxypeptidases (MCPs) involved in multiple biological functions including inflammation, fibrosis and stem cell niche formation. This study aimed to evaluate the expression of carboxypeptidase 4 (CPA4) in hepatitis, liver cirrhosis and liver cancer tissues, and revealed its clinical significance in liver cancer progression. We firstly found that the CPA4 levels in tissues were significantly higher in liver cancer patients than those in other three groups. Then, elevated levels of CPA4 was observed in 57/100 (57%) liver cancer samples, and significantly correlated with Grade and Stage. We also identified a significant positive correlation between aberrant elevation of CPA4 and overexpression of stem cell markers including CD90, AFP and CD34 with follow-up data (n=100). Further Kaplan-Meier analysis confirmed that high levels of CPA4 and CD90 were significant predictors of poor overall survival. Multivariate Cox regression model showed that CPA4 was an independent prognostic factor for patients with liver cancer. This study demonstrated for the first time that high CPA4 expression was closely correlated with hepatocarcinogenesis, and might be used as an independent poor prognostic factor in liver cancer.
Introduction
Liver cancer is one of most common malignant tumors, and is among a leading cause of cancer-related death worldwide [1] . It has been reported that liver cancer would undergo a sequential steps from chronic inflammatory liver disease, cirrhosis to neoplasia [2] . During these process, the hepatocytes are prone to die and abnormally proliferate, and this dysregulated feedback process always contribute to the formation of pro-cancer microenvironment [3, 4] . CarboxypeptidaseA4 (CPA4) belongs to a family of Zn-containing metallocarboxypeptidases. It is an important regulator of inflammation, and is speculated to be involved in creating tumor microenvironment to facilitate cancer progression. It has been reported that CPA4 was a strong candidate gene for prostate cancer aggressiveness [5] . Our previous studies indicated that CPA4 was significantly elevated in pancreatic cancer tissues and serum samples, which was closely associated with
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In this study, we aimed at evaluating the expression of CPA4 and related factors in normal, inflammatory liver disease, liver cirrhosis, and liver cancer tissues by IHC analysis, and investigated their association with clinicopathological variables and clinical outcomes.
Materials and methods

Tissue microarray and immunohistochemistry
Two commercial tissue microarrays were constructed by Shanghai Biochip Co. Ltd., as described previously [7] . Briefly, the tissue microarrays including 100 liver cancer patients and 90 adjacent normal tissues were prepared from archival formalin-fixed, paraffin embedded tissue blocks. Clinicopathological information (age, gender, and pathology, differentiation, and TNM stage) and Follow-up information were available. Another slides contained 40 healthy controls, 10 inflammatory liver disease, 40 liver cirrhosis, and 110 liver cancer patients with clinicopathological information (age, gender, and pathology, differentiation, and TNM stage). A representative tumor area was carefully selected from a H&E-stain section. For all the specimens, standard Avidin-biotin complex peroxidase immunohistochemical staining was performed. Briefly, after deparaffinizationin xylene and graded alcohols, heated antigen retrieval was done in citrate buffer (10mmol/L pH 6.0) by water-bath kettle heating for 30min. Endogenous peroxidase was blocked in 0.3% hydrogen peroxide for 10 min. Nonspecific binding was blocked by incubation in 10% normal animal serum for 10min. Sections were incubated at 4°C for 24 h with primary antibodies including polyclonal antibody against anti-CPA4 (HPA021030, Sigma-Aldrich), Anti-CD90 antibody (ab92574), Anti-CD34 antibody (ab81289, Abcam), Anti-AFP antibody (ab46799, Abcam) and anti-Ki67 (ab833, Abcam). Next, biotinylated secondary antibodies and horseradish peroxidase labeled Avidin were incubated with samples. Color was developed using the DAB method.
Immunostaining analysis
Slides were independently evaluated by 2 two pathologists who were blinded to patients' clinical data. The levels were scored by staining intensity and the percentage of immunoreactive cancer cells. Staining intensity was arbitrarily scored on a scale of four grades: 0 (no staining of cancer cells), 1 (weak staining), 2 (moderate staining), and 3 (strong staining), and the percentage of positive cells was scored as follows: 0 (0%), 1 (1% to 30%), 2 (31% to 50%), and 3 (>50%). The staining positivity was determined using the following formula: overall score=positive percentage score×intensity score. For CPA4, CD90 and AFP, a score of 0 to≤2 was defined as "0", and >2 as "1". For Ki67, a score of 0 to≤4 was defined as "0", and >4 as "1". For CD34, a score of 0 to≤1 was defined as "0", and >1 as "1".
Statistical Analysis
The SPSS 15 software package (SPSS, Inc., Chicago, IL) was used for statistical analysis. The association between the immunoreactive markers and clinicopathologic features was analyzed using χ2-test or two-sided t-test as appropriate. The survival rates were assessed by the Kaplan-Meier method and compared by the log-rank test. To investigate the prognostic significance, we included all variables having p < 0.05 in multivariate survival analysis using a Cox regression model. Spearman's rank correlation coefficient and Fisher's exact test were used to explore the association among CPA4 and other clinicalpathological features. All comparisons were two-tailed, and p < 0.05 was considered statistically significant.
Results
Expression of CPA4 in normal, chronic liver disease and hepatocellular carcinoma tissues by immunohistochemistry
We performed immunohistochemistry to examine the CPA4 level, and found that the expression of CPA4 was gradually elevated, and the levels of CPA4 were significantly higher in liver cancer tissues than that in the cirrhosis, viral hepatitis and normal liver tissues (Figure 1 ). There was no statistical significance between healthy and hepatitis ones. These data suggested that CPA4 was closely associated with liver cancer development.
High expression of CPA4 was associated with clinicopathological parameters
To further investigate the prognostic significance of CPA4, we evaluated the expression of CPA4 in liver cancer tissues with clinicopathological information (age, gender, grade, differentiation, and TNM stage) and Follow-up information. IHC results indicated that the incidence of CPA4 expression in liver cancer cases was 57% (57/100), and there was weak or no staining of CPA4 in the normal liver tissues. Further analysis also showed that over-expression of CPA4 was significantly associated with Grade (P=0.009), Depth of invasion (p=0.032) and clinical stage (P=0.013), while there was no significant correlation between CPA4 expression and tumor size, differentiation, age and gender. (Table 1 ) Correlation between CPA4 and CD90, AFP, Ki67 and CD34 in liver cancer tissues
It has been speculated that chronic liver disease contribute to the development of liver cancer stem cell by regulating cell proliferation, apoptosis and vasculature reconstruction. Then we detected the related markers including CD90, AFP, Ki67 and CD34 in the same tissue array by immunohistochemistry. CD90 was a possible candidate CSC marker in liver cancer, and we observed that positive staining of CD90 was detected in 66% (66/100) liver cancer samples. Overexpression of Ki67 was detected in 45% (45/100) liver cancer samples, and positive stain of AFP was found in 47% (47/100) specimens, and the positive rate of CD34 was 71% (71/100). Further analysis indicated that aberrant expression of CPA4 was significantly associated with CD90 (P=0.002), AFP (P=0.001) and CD34 (P=0.044). Spearman's rank correlation analysis revealed that aberrant expression of CPA4 was positively associated with AFP (P=0.001), CD34(P=0.044), and CD90 (P=0.001) in liver cancer (Table 2) . Taken together, these observations demonstrated that CPA4 was closely associated with the existence of liver cancer stem cell.
CPA4 expression was associated with poor overall survival in liver cancer patients
Based on the association between CPA4 and other cancer marker (AFP, CD90, ki67 and CD34), we analyzed their impact on liver cancer patient's survival. Using Kaplan-Meier survival analysis, we found that both CPA4 and CD90 overexpression were significantly correlated with poor overall survival of liver cancer patients, while high levels of Ki67, CD34 or AFP had no statistically significant association with poor survival (Figure 3) . Next, Cox multivariate survival analysis revealed that CPA4 level (HR=2.381; 95% CI: 1.260-4.501; P=0.008) and CD90 (HR=1.968; 95% CI: 1.020-3.797; P=0.043) were statistically independent predictive factors of poorer prognosis for liver cancer (Table 3) . 
Discussion
The development of liver cancer is a sequential process involving chronic hepatitis infection and cirrhosis [8] . In chronic inflammatory states, a series of factors including cytokines, reactive oxygen species (ROS) and angiogenesis factor could cause a permissive hepatic microenvironment for transition of damaged hepatocytes into liver cancer as well as regulation of CSCs [9] . Cancer stem cells (CSCs) has been regarded as the origin of many types of solid tumor including liver cancer, and CD90 is a potential marker for liver CSCs [10] . Carboxypeptidase A4 (CPA4) is a zinc-containing exopeptidase that catalyze the release of carboxy-terminal amino acids [11] . Several studies have indicated that CPA4 was closely associated with cell growth, differentiation and aggressiveness [12] .
In breast cancer, O-glycosylated CPA4 could be secreted at a higher level by MCF-7 cells comparing to human mammary epithelial cells (HMEpC), and it may play key roles in breast cancer progression [13] . CPA4 was also found to be elevated in the squamous cell carcinoma of the head and neck tissues by loss of imprinting, and overexpression of CPA4 was closely associated with poor survival [14] . Our previous study indicated that CPA4 level was significantly elevated in pancreatic cancer tissues as well as serum samples, and was closely associated with tumor progression [6] . In NSCLC, CPA4 overexpression is associated with an unfavorable prognosis, and serum CPA4 level combining with serum CYFRA21-1 level could be used to aid early detection of NSCLC [15] .
In this study, we firstly evaluated the CPA4 level in hepatitis, cirrhosis and liver cancer tissues. The results demonstrated that CPA4 was significantly higher in liver cirrhosis or liver cancer patients than in the healthy controls and hepatitis patients. These results revealed that CPA4 played key roles in hepatocarcinogenesis. To further study the prognostic value of CPA4 in liver cancer, we also collected the liver cancer tissue samples (n=100) with follow-up information. IHC results indicated that CPA4 was specifically elevated in 57% (57/100) cases, and high level of CPA4 was significantly associated with histological Grade and clinical stage. It has reported that CPA4 played key roles in establishing a micro-environment, which could increase the proportion of cancer stem cells and promote tumor angiogenesis. Hepatic cancer stem cell marker CD90 is a glycophosphatidylinositol (GPI)-anchored protein expressed in many normal cells including neurons, endothelial cells and fibroblast [10, 16] . As a specific biomarker for liver cancer, Alpha-fetoprotein (AFP) combing with EpCAM was used to define cancer stem cell [17] . CD34 has been widely used as a marker for hematopoietic stem cells and endothelial cells [18] . Ki67 is a proliferative and independent prognostic marker for cancer progression [19] . Based on the above information, we evaluated the expression of CD90, AFP, Ki67 and CD34 in the same tissue array by immunohistochemistry. we evaluated the expression of in the same tissue array by immunohistochemistry. The results showed that staining of CD90 was detected in 66% (66/100) liver cancer samples. The results revealed that aberrant expression of CPA4 was significantly associated with CD90 (P=0.002) in liver cancer. The results demonstrated that AFP, Ki67 and CD34 were positive in 47 (47%), 45 (45%) and 71(71%) in liver cancer samples, respectively. Further analysis also showed that aberrant expression of CPA4 was positively associated with AFP, Ki67 and CD90 in liver cancer tissues. Kaplan-Meier survival analysis also revealed a correlation between high levels of CPA4 or CD90 and shorter overall survival times. Multivariate Cox regression model demonstrated that CPA4 and CD90 level were statistically independent predictive factors of poor prognosis for liver cancer.
In conclusion, our studies for the first time suggested that CPA4 was highly expressed in liver cancer tissues. Overexpression of CPA4 can be used as an independent poor prognostic factor in liver cancer.
